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ON THE ACIDITY OF THE SURFACE OF THE SCALP AND
OTHER AREAS OF THE SKIN IN CHILDREN'. 2
FRANZ HERRMANN, M.D., HANS BEHRENDT, M.D., AND
FLORENTINE L. KARP, M.D.
i. pH TESTS IN HEALTHY INDIVIDUALS
Introduction
The earliest reports (1928/29) on the clinical significance of the pH pattern
of the surface of the skin were those of Marchionini and his coworkers (1) and
Herrmann and his coworkers (2). Since that time, much further work has been
done, and the significance of the degrees of acidity has been discussed by many
investigators, including Levin, Rosen, Rosenfeld, Peck, Bernstein, Keeney,
Cornbleet, and their coworkers (1—10). In spite of the varying opinions as to
significance, it is generally agreed that the pH of the surface of the skin is
determined by the composition of the particular sweat and its residue.
The original assumption that the acidity produced by the fatty acids present
in normal sweat have an antiparasitic effect has met with criticism.
This criticism is based partly on experimental results showing a different antiparasitic
(fungicidal or fungistatic) activity of different fatty acids i.e. a greater effectiveness of
certain acids as compared with the lesser action of others. The other chief argument
against the hypothesis of protective properties of the normal "acid cloak" ("Saeure Man-
tel") results from experiments in which not only certain acids themselves, but also their
salts, (e.g. salts of propionic acid and of undecylenic acid—the latter not a constituent of
sweat—) showed inhibitory activity on the growth of the microorganism (S. Peck and H.
Rosenfeld (5), Th. Cornbleet (10)). However, since the salts of these acids are alkaline in
aqueous solutions, and since many investigators used solutions within acid ranges, it is
evident that these solutions contained also the free acids, and were, in reality, buffer mix-
tures. In fact, a strongly acid pH is listed for most of the "sodium salt" solutions which
were found effective in vitro. Furthermore, there is invariably a striking increase in
efficacy on the acid side of the fatty acid buffer mixtures tested, as compared with the
results at neutral or alkaline reaction. This was shown with various acids by several au-
thors (5,6,8, Oa). The only exception was encountered with undecylenic acid (Hillegas and
Camp (11)) at rather high pH ranges, but not at ranges below 7. E. Foley, S. W. Lee,8 and
one of the present authors recently carried out extensive and as yet unpublished studies
demonstrating the dependence of antiparasitic activity of the naturally occurring fatty
acids upon the pH of the medium.
Because of our conviction regarding the importance of pH for antiparasitic
action, during the past three years we have extended our original examinations
to tests of cutaneous pH on various areas of skin in children, as well as in adults.
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The studies in children were required not only because there ae insufficient data
concerning the acidity on their skin as compared with the acidity in adults, but
also because the preponderant, or exclusive, occurrence of certain dermatoses
during childhood might find an explanation, were the pH on the skin found to be
significantly different before and after puberty.
Method of Examination
The method of testing has been detailed in a previous report (7) and will be
given only briefly: One drop of modified universal indicator4 was dropped from
a calibrated pipette or dropper onto the chosen skin area, and after slight stirring
the liquid was taken up in capillaries for colorimetric reading. Practically iden-
tical conditions were maintained in every test. The readings were done in abso-
lutely equal light by placing a daylight bulb behind ground glass placed at a
fixed distance and angle over a reflecting mirror.
Points for criticism of the technic may be the omission of the standardized dilution of
each specimen with water; and the use of glass capillaries in the place of the usual test tubes
with a diameter of 1 cm. Comparative examinations, however showed that the color shades
after uniform dilution in test tubes gave the same readings as the indicator plus undiluted
test solution in capillaries.
Testing with the pH electrometer is without doubt more accurate than use of an mcli-
cator. On this point we are in complete agreement with Blank (13), Draize (14), and
others. However, only findings which could be consistently reproduced in the course of
our investigation were considered valid, and only major differences in results were regarded
as significant. This latter discrimination appeared to justify the presentation of some
data which were suggestive rather than of rigid statistical significance (see below). An
additional check on our results were periodic control examinations with the Beckman
electrometer.3 The greatest difference in pH encountered with the two methods was 0.5,
the electrometric method giving consistently the higher figures.
We believe that the use of electrodes is feasible in the hands of an expert, but that there
are many pitfalls which may lead to erroneous readings by technically unskilled investi-
gators. In the course of comparing the results of examinations by the electrometer and
by our method, conflicting figures were obtained repeatedly. Usually the deviation was
clearly the fault of the electrometer, and technical repair of the rather intricate apparatus
proved to be necessary.
In addition, comparative tests were carried out on the surface of artificial colloid (gela-
tine) models of known pH, containing various water-soluble fatty acids such as are also
present in the top layers of the skin. These experiments3 revealed that the pH figures
obtained with the indicator were either equal to those found with the electrometer, or more
on the acid side. The indicator results were the more accurate, since the extraction of
acids was evidently more complete in the partly alcoholic indicator solution than in the
aqueous system used for the electrodes.
Finally, in areas as small as the interdigital spaces of the feet in babies, or minute in-
fected areas on a hairy scalp it was more practical to carry out the tests with a drop of in-
dicator than with two electrodes.
No washing of the skin sites was allowed for at least four hours before our examinations;
Stanscien Indicator (Standard Scientific Supply Corp. New York, N. Y.) containing
0.1 gm. of powdered Parstains Universal Indicator in 75 ml. of 41% Methanol in dist. water,
to which sufficient sodium hydroxide is added to effect solution and a dark green color.
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in most instances there had been no washing for about sixteen hours before examination.
Three readings were taken in each test. The areas investigated at each session comprised
at least two different sites of the scalp, chest, dorsal aspect of forearms, armpits, and in-
terdigital space between third and fourth toe.
In order to supplement previous studies (7), examinations were carried out in
35 adults and in 87 healthy children.
Results
The table with graphs shown on p. 218 gives the average figures of our pH
readings obtained on various skin areas of apparently normal persons in the four
different age groups.
There was certainly no difference in the ranges of pH on the scalp in the differ-
ent age groups. In fact, here, as well as in several other instances, the similarity
of the average figures was striking. The minimal and maximal readings given
on the table present a few exceptional deviations, whereas the large majority of
readings yielded figures near the average value. There was no evidence of a higher
pH range on the scalps of children than adults (adult average pH 4.1).
The range of acidity was about the same in the various skin areas tested, except
in the axillae and between the toes. Both of these intertriginous sites showed a
lower acidity. After infancy p11 in the axillae showed an almost linear rise with
age. This rise continued until long after the end of the conventionally assumed
period of puberty (see graph).
Discussion
The two locations of diminished acidity, i.e., the spaces between the toes and
the axillae, have in common an impaired evaporation of sweat. As a conse-
quence, acidification is here diminished through failure of concentrations of the
fatty acids and through increase of ammonia in the stagnant sweat (Marchionini
et al. (1), Herrmann and Fuerst (2), Bernstein and Herrmann (7), Bergheim and
Cornbleet (15), Cornbleet and Meyer (16), a.o.). It is known, that in areas of
poor evaporation of sweat, keratin hydration and decomposition may take place,
and this, in turn, may further antagonize acidity and thus predispose to fungous
infection. As in adults, therefore, stagnation of sweat through prevention of
evaporation may well explain the higher pH between the toes in children, and
also the dermatophytoses occurring in this location in the early years of life. In
addition, lack of cleanliness may decrease acidity at this site.
But this explanation of a higher pH between the toes is not sufficient for our
findings in the axillae, where, in contrast to all other skin areas tested, there was
not a uniform pH at different ages but the previously described progressive rise
with age. This rise was expected; it is in all likelihood due to the development
and increasing functioning of the apocrine sweat glands. For it has been estab-
lished by earlier investigations (1, 2, 3b, 7), that the pH in the axillae of adults is
considerably higher than in all other areas of the skin, owing to the normally low
acidity of the apocrine sweat. Our findings show for the first time the early age
at which this effect first becomes manifest. Whereas in infants impaired evapora-
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tion maybe considered the only cause for the higher pH in this site, the increment
after the first six years may be regarded as an early sign of beginning puberty,
indicating development and activity of the apocrine sweat glands. A rapid in-
crease may be a sign of early maturity; however the persistence of figures which
fall below the final adult range do not indicate an abnormal general delay of
puberty, since in some normally developed adolescents the maximum pH may
evidently be reached very gradually.
Certain additional observations in healthy children will be discussed extensively in
another publication. Some of these observations indicated a somewhat lower pH in the
armpits of males than of females, and of white individuals as compared with colored ones,
differences which we encountered after the age of 10 years. It should, however, be pointed
out that these differences were confined to the axillae and that no such pH differences cor-
related to sex or race of our children were found in any other skin areas tested. This is in
slight contradistinction to the findings of Blank (13 III) who reported a small difference in
the average pH on the arms of boys and girls; and differs from the results obtained in adults
by the same author (13 II), and by Draize (14).
II. pH TESTS IN PATIENTS WITH MICROSPORON INFECTION
The pH studies reported in part I were carried out primarily to establish a base
line for comparing the results in healthy children with findings in children suffer-
ing from scalp infection with microsporon. During recent years, this type of
tinea capitis has become epidemic in many parts of this country.
Most infections in the present epidemic are caused by microsporon Audouini,
i.e., the anthropophilic type of microsporon which is readily transmitted from one
human individual to another. It is well known that microsporon infection does
not ordinarily occur after puberty and usually heals spontaneously at puberty.
The question has naturally arisen whether or not peculiarities in pH on the skin
before that age might have a bearing on susceptibility to infection with micro-
sporon. It is also possible that predisposing peculiarities are encountered in
certain children only, whereas others are free from such peculiarities, and are for
this reason, spared infection.
Microsporon, like other pathogenic hyphomycetes, does not grow well in
strongly acid media, but grows best at moderate alkalinity. A comparatively
high pH which could have favored the development of dermatophytosis was found
in earlier investigations (1, 2, 3b, 7) under the following conditions: (a) as a pecu-
liarity of the skin of certain individuals, apparently due chiefly to the individual
quality of sweat; (b) as a consequence of certain skin alterations, e.g., inflamma-
tory lesions; and (c) as an effect of inhibited evaporation of sweat and the
associated hydration and decomposition of keratin. Whereas condition (c) was
shown to be of great significance in the occurrence of the common, chiefly inter-
triginous dermatophytoses, the possibilities (a) and (b) appeared to be more
pertinent to the problem of tinea capitis.
This reasoning was supported by observations of cultures of micros poron Au-
douini. Similar to the findings obtained by Peck and Rosenfeld with trichophy-
ton gypseum, our own experiments (12) with m. Audouini showed a shift of pH in
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acidified (5.6) Sabouraud's medium to figures near pH 8, when growth was about
to start. This alkalinization, which took place first in the area of growth and
soon thereafter in the more distant areas of the medium, shows that the micro-
organisms are capable of creating the optimal p11 for their own growth.
Since almost nothing is known concerning the factors predisposing to micro-
sporon infection in children in general, and particularly concerning those factors
which cause the individual child to contract the disease, while others remain
healthy after the same exposure, any data on the skin acidity in infected children
should be of theoretical and practical interest. The possibility was also borne
in mind that deliberate production of modifications of the cutaneous pH might be
attempted as a means of therapy.
The method of examination was the same as described for healthy children in
part I of this report.
One hundred and forty-two children with tinea capitis were tested. When
possible, siblings were investigated, with particular attention to comparative
figures for infected children and for siblings without any signs of microsporia.
The tests were made on the sites of the scalp lesions and whenever possible, on
scalp areas distant from the affected sites; and in addition, on the different sites
of the glabrous skin, which were tested also in the healthy children (see part I).
Each diseased individual was examined before and during the period of treat-
ment, and again at intervals after treatment was ended. The minimum of ex-
aminations in a single case was three, but in many instances ten or more investi-
gations were made.
RESULTS
The table on opposite page gives a compilation of our results.
The average figures from the diseased scalps refer to readings obtained prior
to the institution of any form of topical treatment. The pH readings are some-
what higher on the unaffected, apparently normal parts of the scalps of infected
children, than on the scalps of healthy children, and of adults. Although this
difference is small, its consistency, and the consistency of the average figures in
the different periods of age are remarkable. Lower pH readings, of the same range
as in healthy individuals, were obtained after cure.
The pH on the infected scalp areas was almost always considerably higher than
on the other, uninvolved, areas (see average values in Table B and graphs); this
difference is far outside the limits of error. The elevation persisted for the dura-
tion of the infection and subsided after cure.
Discussion
The small, though consistent elevation of pH on the unaffected parts of infected
scalps (i.e. elevation above the range found on healthy scalps) does not suffice for
any definite conclusions. An assumption that some increase in pH favors infec-
tion by microsporon might be supported by the observation that, after cure, the
pH was lower all over the scalp (see graph).
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The elevation of pH may be due to the quality of the glandular secretions
(sweat and sebum), or to uncleanliness. Dust and decomposition of the super-
ficial horny layers may cause a rise in pH, and it is a fact that the epidemics of
microsporon infections preponderantly affect poor classes of the population.
Moreover, both of the aforementioned possible causes may contribute to a higher
pH on the individual scalps.
In this connection, it is interesting to compare the pH readings of infected
children with the corresponding readings in uninfected siblings. Eleven of these
siblings seem to support the hypothesis of the protective significance of lower pH.
In that group, a difference of about 0.5 unit between the pH on healthy scalps
(3.5—4) and on the grossly normal areas (4—4.5) in infected siblings was found.
On the other hand, our findings in a pair of 6 year old twins did not at all support
the theory. One of these twins had an extensive and long-standing scalp infec-
tion, while the other's scalp was uninfected. They had been sleeping in one bed,
wearing and exchanging their woolen cap, clothing, etc.; without transmission of
the infection. The pH figures were exactly the sameon the clinically healthy scalp
of the infected twin and on the scalp of the non-infecthd one! This comparison
in twins appears to prove that in this instance the pH on the scalp was certainly
not decisive5 in determining the individual susceptibility to infection with
microsporon.
We believe that the distinctly lowered acidity on the infected patches is a non-
specific effect of inflammatory changes rather than the result of removal of free
acids by the fungi; for earlier investigations (3, 7) have shown considerable
increase in pH in areas of dermatitis not caused by fungi. Lowered acidity in
the lesions of tinea capitis is therefore understandable as a deficient function of
epidermal appendages (disintegrated sweat glands), and as a result of other
inflammatory alterations.
Clinical Implications
It appears to us noteworthy that on several occasions our pH investigations
detected the presence of microsporon foci on scalps in which the diagnosis was in
doubt, or in which residual lesions were not discovered with the routine methods
After preparation of this manuscript Rothman, Smiljanic, and Shapiro (19) reported on
the presence of saturated aliphatic fatty acids between C, and C11 in the hair of adults,
which have strongly fungistatic activity on microsporon Audouini, and which are not
present in such quantities before puberty. The authors assume that these acids are pro-
duced by the sebaceous glands, and are therefore increased after sexual maturity. Their
poor dissociation might explain the lack of a noticeable decrease in pH on the scalps of
adults as well as on those of some of the uninfected children. With the possibility in mind
that the sebaceous secretions might act against microsporon Audouini, we had at the time
carried out experiments (12) in which hairs infected with microsporon Audouini were
exposed to an impregnating solution of sebum obtained from sebaceous cysts. No action
on the microorganisms was found in these tests. This may, however, be due to differences
between the material in cysts and that around the hairs, or to a denaturization of the active
agent in the vehicle we used as solvent. Similar experiments with the contents of sebaceous
cysts had been made previously by Peck and coworkers (6) who did not find any retardation
of growth of trichophyton gypseum.
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of examination (filtered ultraviolet irradiation, etc.). p11 figures which were
distinctly higher in one area or another suggested repeated check up of these sites
under filtered ultraviolet irradiation (Wood's light), as well as repeated and Care-
ful microscopic and cultural investigation of the hairs. Only then did positive
findings come to light. In this way, the measurement of pH maybe an additional
help in finding masked foci of microsporon infection.
A still more important practical consequence of the foregoing results concerns
the difficult therapeutic problem in tinea capitis. Although the reduction of
acidity in the infected areas is likely not, or only to a very limited degree, a specific
effect of the fungus, the fact remains that the growth of the fungi is favored
through the increase in pH.
It was therefore logical to attempt to counteract the increased pH by topical applications
of suitable acid buffers. During the past three years we have employed this principle
therapeutically as well as prophylactically in an attempt to combat the present epidemic
of microsporon infections. Similar efforts were made in the treatment of other derma-
tophytoses by Herrmann and Fuerst (2), Marchionini (le, ig), and more recently with cer-
tain fatty acids of an high carbon atom number and their salts by Peck, Rosenfeld, Leifer
and Bierman (6), Keeney (8, 9), Broyles (9), Sulzberger, Shaw and Kanof (17), Shapiro
and Rothman (18), and others. Our aim was to impair the growth of the fungi directly
through use of an effective acid buffer, and, at the same time, to liberate as much natural
acid from the sweat as possible; this acidification was believed to assist the effects of other
antifungous agents. For this reason a buffered solution using propionic acid and citric
acid (pH 4) was prepared and a new fungicide, trimethyl cetyl ammonium pentachior-
phenate ("TCAP"), incorporated. This was used for the treatment of scalp infections
with microsporon Audouini. The pertinent laboratory experiments and extensive clinical
results have been described in detail in a previous report (12). In combination with this
fungicide solution, an acid shampoo6 was employed as a detergent and as a means for ad-
ditional acidification.
Moreover, this acid shampoo has given promising results in trials as a prophy-
lactic against microsporon infection. Increased acidification of the scalp after
use of the solution lasted for about four hours at a pH of about 3.5. The scalps of
several uninfected siblings in eight families in which other children had con-
tracted microsporon Audouini were washed with this acid shampoo. It was
applied in some cases every morning, in others only two or three times a week.
No other treatment was used, and all of these children have remained free from
infection.
As stated, after treatment and cure, the pH on the infected scalps was signifi-
The formula was as follows: 70 gm. of wetting agent, sodium alkyl benzene sulfonate;
140 ml. propylene glycol; 140 ml. sulfonated castor oil; 700 ml. dist. water; brought to pH
3.0 with citric and propioriic acids. Later on, these acids were substituted by undecylenic
acid. This modified shampoo was used in twelve siblings of families in which other children
were infected with microsporon Audouini, and none of these twelve contracted the infection.
It is necessary to use the above generic designation "sodium alkyl benzene sulfonate",
since the nature, number, and position of the alkyl groups attached to the benzene nucleus
are not yet known. The material and the fungicide solution known as "Intraderm TCAP
Solution" are supplied by Wallace Laboratories, Inc., New Brunswick, N. J. "Intraderm"
is the trade mark of this company
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cantly lowered. This lower level of pH was then maintained during the period
of our examinations.
Some details on the only adult in whom we encountered microsporon infection may be
of interest. The patient was a female, 34 years old, who had contracted an infection with
the zoophilic fungus, m. lanosum. She had highly inflamed lesions not only on the scalp,
but also on the glabrous skin of neck and trunk. Response to our treatment was unusually
rapid; after only one week's treatment all examinations for fungi became negative. The
results of successive pH tests on this scalp are given in the following graph. It will be
noted that before the institution of treatment there was also a high p11 on the apparently
normal parts of the scalp.
C. pH of scalp; female, 34 years old. Infection with microsporon Lanosum:
PH
8
weeks after beginning of treatmentb.fo e cured
____________________infected areatreatment
— — — — apparently normal part
SUMMARY AND CONCLUSIONS
Part I
Studies of the pH were carried out on the skin surface of 87 healthy children.
The method consisted of the employment of a universal indicator and attraction
of the test liquid into glass capillaries. The results obtained in different age
groups up to puberty were compared.
The pH on scalp, chest, and the extensor aspect of the forearms remained in
the same range in the different age groups; no change in pH on these parts was
found in the groups aged 0 to 2; 3 to 6; 7 to 10; and 10 to 15. The average figures
in each of the sites were near 4.0 for all groups. In all groups, in the axillae and
between the toes the p11 figures were considerably higher than in other skin areas.
A superimposed increment in pH was found in the axillae in the age groups above
6 years, and this rise continued into adolescence. The higher pH readings be-
tween the toes, and in the axillae during the early years of life are explained by
impaired evaporation of sweat; whereas, the later increment in the armpits is due
to development and function of the apocrine sweat glands at and during puberty.
ACIDITY OF SCALP SURFACE 225
Part II
1. Studies of pH on 142 children and 1 adult with microsporon infection of the
scalp showed that in the infected children the p11—even on the apparently nor-
mal parts of scalps—was slightly higher than the previously ascertained pH on
the scalps of uninfected children. The readings of the infected scalps averaged
4.5 in each of the 3 age groups above 2 years, and 4.3 in the group below 2 years
as compared with the average (near 4.0) in normal children. Although the pH
figures were lowered after cure of the microsporon infection, the differences were
too small to give conclusive evidence of the significance of lower acidity as a pre-
disposing factor for the infection. Some healthy siblings in families in which
other children were infected with microsporon Audouini had a lower pH on their
scalps than the patients; while in a pair of twins, oniy one of whom had micro-
sporon infection, exactly equal readings were obtained.
2. The pH on infected scalp areas was considerably higher than on the clinically
uninvolved areas. This distinct increase subsided after cure. It is regarded
mainly as a nonspecific, acidity-lowering effect of inflammatory changes.
3. The results appeared to justify an attempt to counteract the increased pH
by topical application of suitable acid buffers, in an attempt to impair the growth
of the fungi. This principle was applied not only in therapeutic studies in combi-
nation with penetration-effecting fungicidal solutions, but also prophylactically
by the regular use of an acidified detergent shampoo on exposed, but non-
infected children. The results in trials with this shampoo as a prophylactic were
promising.
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